From a total of 187 fecal samples from children with ages between 0 and 5 years, collected in the Hospital Universitário -USP, Brazil, from 1994 to 1996, 54 (28.9%) were positive for rotavirus. Positive samples were characterized by electropherotyping, subgrouping, G serotype and genotype and P genotype. Rotavirus electropherotypes were characterized in four different long genome patterns (38.9%), one short genome pattern (34.0%) and 18.0% were characterized as an unusual pattern. Subgroup I was found in 38.9% strains, subgroup II in 50.0% and 7.7% was subgroup nonI-nonII. For G serotypes, G2 was found in 59.3%, G1 was identified in 33.3% of strains, two samples showed mixtures of G1+G2 and one sample was G1+G3. Ten samples characterized as serotype G2 showed a long eletropherotype. Genotype G2 was the most frequently and was found in 37 (44.0%) samples (23 samples as a single genotype and 14 as mixtures of genotypes). G1 was found in 15 samples. G3 and G4 was detected mainly in mixtures of genotypes and G5, G6 and G9 were identified only in mixtures. A total of 20 (38.5%) samples were characterized as G genotype mixtures and P mixtures were found in 16 (29.6%) samples. P [4] was found in 55.6% of samples, P[8] in 51.9% and P[6-M37 like] in 22.3% of cases. P[6-Gottfried like] and P[11] were detected only in mixtures. One sample with G6 specificity, mixed with a G2 rotavirus and a P[11] strain, mixed with P[4] and P[8]strain was described for the first time in Latin America.
INTRODUCTION
Group A rotavirus is the major cause of acute gastroenteritis in developed and developing countries and around 125 million cases of rotaviruses occur worldwide annually, resulting in 500 to 600,000 deaths (17, 43) . In Brazil, the frequency of group A rotavirus infection was found to be between 12 and 42% (7, 8, 25, 38) and about 80.000 children are hospitalized for the infection (25) .
Rotaviruses are member of the family Reoviridae and the genome consists of 11 segments of double stranded RNA, surrounded by three separate shells. The inner capsid (intermediate layer) is constituted of VP6 protein and its antigenicity is used to characterize seven different groups of rotavirus, A to G. Within group A the same protein characterizes four subgroups: I, II, I+II and nonI-nonII (24, 27) . The outer capsid consists of VP7 and VP4 proteins, which form the basis of the present dual classification system for G (VP7) and P (VP4) types. The VP7 protein, expressing the major neutralization antigen, is characterized by serological and molecular techniques in 15 G types with a good correlation for the serological and genomic classifications (24) . VP4 correlation on serological and genomic classifications is difficult and till now there are 15 P serotypes and 27 P genotypes (29) .
The frequency of group A rotavirus infections varies according to different geographical areas, years and on different seasons. Surveys around the globe indicates that G1P [8] , G2P [4] , G3P [8] and G4P [8] are the most common G and P types combinations (24, 38, 40) . However, recently, genotypes G5, G8, G9, G11 and G12, and/or new combinations of G and P were identified in Latin America and in other parts of the world (10, 38, 41) .
The rotavirus vaccine strategy is based on the need for a vaccine candidate that provides protection against common rotavirus serotypes (15, 24) . Thus, surveillance studies of rotavirus strains are very important before and after any vaccination programs.
The objectives of this study, was to provide further information on rotavirus strains by electropherotyping, subgroup, G serotypes and G and P genotypes characterization in São Paulo, Brazil.
were determined by a double antibody sandwich enzyme immunoassay described previously (36) . Monoclonal antibodies (MAbs) anti-group A rotavirus were kindly provided by Dr. T.H. Flewett (East Birmingham Hospital, Birmingham, UK). MAbs anti-subgroup I (MAb-255/60) and anti-subgroup II (MAb-631/9) were produced by Greenberg et al. (21) ; additional anti-subgroup I (MAb-4B5 8) was produced and provided by Liprandi et al. (27) . Commercial MAbs against serotypes G1, G2, G3 and G4 (Serotec Rota-MA, Japan) were used for serotype characterization. All MAbs were used as detecting antibodies.
RT-PCR genotyping: All rotavirus group A positive fecal samples were genotyped for VP7 (G) and VP4 (P) by reverse transcription semi-nested multiplex polymerase chain reaction (RT-PCR) as described by Das et al. (12) , Gentsch et al. (14) and Gouvea et al. (18, 19) . This combined typing scheme was designed to detect VP7 genotypes G1, G2, G3, G4, and G9 (12); G5, G6, G8, G10 and G11 (18) .
For VP4 genotyping, second amplification was done with specific primers to VP4 genotypes P [4] , P2A [6] , P [8] , P [9] and P [10] (14); P [1] , P [5] , P2B [6] , P [7] and P [11] (19) .
Viral double-stranded genomic RNA (dsRNA) was extracted from 300 µL of 20% (w/v) fecal suspensions using TRIZOL ® Reagent (Invitrogen, cat. Nº15596), according to the manufacturer's protocol. dsRNA suspensions were stored at -20ºC until tested.
The amplification products were analyzed by gel electrophoresis on 1.5% agarose, containing ethidium bromide (10 mg/mL), and visualized under UV light. The G and P genotypes of the samples were determined by comparing the size of second-round PCR products with the prototype strains.
All mixtures of genotypes identified with the pool of primers were tested with individual primers for the identified genotypes.
The processes were performed in four separate rooms to avoid cross contamination of samples and RT-PCR reactions were performed with viral RNA extracted from reference strains as positive controls and water as negative control (11) .
RESULTS
Rotavirus antigen was detected in 54 (28.9%) of 187 stool specimens. All positive rotavirus samples were from children with gastroenteritis. From 111 samples for which age of the children was available, the highest percentage of positive samples was found in children aged 7 to 12 months (37.1%), followed by children aged 2 to 6 months 31.0% (Table 1) . Detection of rotavirus on summer months (December-February) was very low and a peak of rotavirus incidence was observed during winter months (June-August) on both years (Fig. 1) .
PAGE was performed on all samples to examine the genomic diversity of the dsRNA of the strains and to identify non-A rotaviruses. Only group A rotavirus were detected and electropherotypes were characterized in 50 (92.6%) samples. Four different "long" profiles were found in 24 (48.4%) samples and 17 (34.0%) strains showed one unique "short" profile. Nine samples (18.0%) were characterized as an unusual pattern, with the 10 th and 11 th segments migrating closer than in "short" electropherotypes. (Table 2 , Fig. 2) . In three samples, more than 11 dsRNA segments were found, suggesting the presence of dual infections with more than one strain of rotavirus, all with "long" electropherotypes. Fig. 2 showed some representative electropherotypes (lanes 2-4 and 7) and one of the patterns with mixed electropherotype (lane 8).
Subgroup (SG) II strains were identified in 26 samples (50.0%), all except one showing "long" electropherotypes. For two samples electrophoretic profile was not determined ( Table 2 ). SG I specificity was found in 22 (42.3%) strains: one strain with "long" electropherotype; 13 (7.7%) strains with 'short" electropherotypes and 8 (15.4%) with the unusual electropherotype. Four specimens reacted with the group A-specific monoclonal antibody but did not show reactivity with any of the subgroup-specific monoclonal antibodies and were considered SG nonI-nonII (Table 2) .
G2 serotype was shown as the only serotype in 32 (59.3%) samples. Two samples had mixtures of G1+G2. G1 serotype was found in 18 (33.3%) of strains alone and in three samples combined with G2 or G3 ( Table 2) . One sample reacted with group MAbs and did not react with serotype specific MAbs ( Table 2) .
In total, 52 strains were G genotyped with VP7 specific primer by RT-PCR. Genotype G2 was found as the only genotype in 23 (42.6%) samples, and was also observed in 14 mixtures of genotypes (Tables 3 and 4) . Thus, G2 genotype was the most frequent genotype and was identified in a total of 37 samples (Table 3) .
Genotype G1 strains were detected as single genotype in 7 (13.0%) samples and mixed with other genotypes in eight samples (Tables 3 and 4 ). G3 genotype was the only one found in one sample and in 2 other samples it was detected as mixtures. Genotype G4 strains were also detected in one case of single infection and in 8 mixed infections (Table 3 and 4) . G5, G6 and G9 genotypes were found only in mixtures of genotypes (Table 3) . A total of 20/52 (38.5%) samples were characterized as mixed genotypes (Table 4) .
All rotavirus positive strains were characterized for P genotypes. Genotype P [4] was found in 19 (35.2%) samples alone, and in 11 samples with mixed infections (Tables 3  and 4 ). P [8] was found in 16 (29.6%) samples alone and in 12 mixed infections. P[6-M37 like] was found in 3 samples alone and in 9 samples with mixed infections. P[6-Gottfried like] was not found alone, but was found in 6 samples with mixed P genotypes. P [8] genotype was detected mostly associated with G1 and P [4] was detected mostly in combination with G2 rotaviruses (Table 4) . From three samples characterized as P[6-M37 like], one was associated with G2 genotype and two with mixtures of G genotypes (Table 4) . Mixtures of different P types were found in 16 (29.6%) samples (Table 4) .
DISCUSSION
In 2005, two live oral rotavirus vaccines have been licensed and are available in some countries: a monovalent P [8] G1 vaccine (Rotarix®, GlaxoSmithKline) and a pentavalent G1, G2, G3, G4 and P [8] We detected 54 positive samples of group A rotavirus (HRV-A) from 157 (34.4%) samples from children with gastroenteritis. No rotavirus was detected in children without diarrhea and no non-group A rotavirus was found. This result is similar to previous studies in Brazil, in which rotavirus positive samples were found in 12 to 42% of samples tested (6, 7, 8, 25) . Recent studies in the same region of Brazil found 18-25% positive for rotavirus (7, 8, 10) . This is also comparable to results obtained in other Latin American countries: in Paraguay, Chile and Venezuela 36%, 39% and 34% of outpatients were positive for rotavirus. (11, 31) .
In Brazil, a continental country, there are different seasonal patterns of rotavirus infection, depending on the region climate (25) . In the North and Northeast regions, rotavirus infection occurs during all months. In the South, Southeast and Central West regions higher frequency of rotavirus infections are found in dryer months (May to September) (25) . This seasonal characteristic was also shown in our data. In São Paulo, almost no positive HRV-A samples were found during the summer months and rotavirus frequencies showed a peak in the cooler months of both years (Fig. 1) . This was also observed before in São Paulo (8) , and in other South American countries, with temperate climate, like Paraguay and Argentina (4,11). In 111 children with available age data rotavirus infection was detected mainly in those 2 to 24 months of age (33.0%), with a higher incidence (37.1%) in children 6 to 12 months of age. These results were also shown in several regions of the world, as North of Africa (40), Europe (39), Latin America (4,11,34), USA (16) and also in several Brazilian regions (6, 7, 28, 37) .
Six different types of electrophoretic profiles of HRV-A (data not shown) show different viral strains circulating at the same time in São Paulo. This result was also reported for other Brazilian regions: North (28,30), Central (5) and Southeast (7, 37) as well in other parts of the world (3, 11, 42) . Three samples with more than 11 dsRNA segments were also found, showing a mixed infection with two different rotavirus strains. These samples presented also multiple serotypes and genotypes. This mixture of genotypes was also found in other parts of Brazil (30) . This double infection can lead to reassortment of dsRNA segments and appearance of other serotypes/genotypes.
By using a monoclonal double-antibody sandwich ELISA, the subgroup specificities of 52/54 (96.3%) rotavirus-positive stool samples tested in this study were determined. Among them, the frequency of subgroup Il samples was 50.0%, compared with 42.3% for subgroup I and 7.7% for subgroup nonI-nonII ( Table 2 ). The predominance of subgroup II over subgroup I was also found in a previous study in São Paulo (7) .
A good correlation was found between subgroup specificity and pattern of electropherotypes. We found the majority of short PAGE profiles combined with subgroup I, as expected; only one sample did not present this characteristic. Also, most of the long profile rotavirus were associated with subgroup II, and only one sample was SG I (24) . Eight samples with unusual electrophoretic profiles were subgroup I, and one sample SG nonI-nonII; all samples belonged to genotype G2P [4] (data not shown): this is an indication that this unusual PAGE pattern, described but not characterized for G and P before in Brazil (7, 28) could be originated from short profile HRV-A, with a change of mobility in segments 10 and/or 11. Nevertheless, further studies are necessary to confirm this hypothesis.
Serological and molecular characterization of HRV-A VP7 and VP4 specificity has been investigated all over the world, due to the immunogenic properties of these proteins, relevant for any vaccination efficiency (15) . The present study showed co-circulation of several serotypes and genotypes in a two year period. Only one sample was not characterized for G serotype by the MAbs utilized. Serotype G2 was shown as the only serotype in the majority of the samples (32/54, 59.3%). Also, two samples were shown with mixtures of G1+G2. G1 serotype was found in 18 strains alone and in 3 samples combined with G2 or G3 ( Table  2 ). This was the only G3 sample we found in this work, and this result was also confirmed by genotyping. In the Central Region of Brazil, HRV-A serotyped between 1990 and 1993 had G2 as the major serotype. G1 genotypes were not found between 1990 and 1992, but reappeared in 1993. G2 was still the most frequent in 1993 but in 1994, G1 became the major serotype (5). In our results, G1 and G2 were found co-circulating in 1994 and 1995, with G2 being the most frequent serotype. In Argentina, our neighbor country, G2 was also the most frequent between 1995 and 1996 (13) . Several authors suggest that the serotype prevalence for a region could change from year to year, in a situation similar to the worldwide infection with influenza virus, which also have a segmented genome (3, 5, 25) .
Ten samples with long electropherotypes were characterized as serotype G2, an unusual association. All were associated with P [8] genotype, alone or in mixtures (data not shown). This result was also reported in other Brazilian regions (25) and in North of Africa (2) .
From the 54 strains, only 2 were not typed for G genotype and all of them were characterized for P genotype. G2 genotype was the most frequently found (44.0%), alone (62.2%) or mixed with other genotypes (37.8%), followed by G1 (17.9%), alone (46.6%) or in mixtures (53.4%). This result confirms the conclusion from Jain et al., in India, where it was found that, compared with non serotype G2 strains, serotype G2 strains were found more frequently in infections caused by single RV serotype strains than in mixed infections (23) .
G3 and G4 were only found alone in one sample each. G5, G6 and G9 were only found in mixtures with other genotypes. Cocirculation of several genotypes was reported by authors in Brazil (7, 8) , and in other countries as Venezuela (34) , Australia (3) and India (23) .
G9 genotype, considered as emerging in several countries, was found only associated with other genotypes in our samples. Authors reported that G9 was found in Brazil since 1997 (8) .
With our present results, we were able to further expand the detection of G9 since 1994. According to Carmona et al. (8) G9 displaced G1 genotypes in São Paulo, Brazil in 2002. G9 has become the fifth most common serotype worldwide, and should be considered for inclusion in the vaccination programs (10) .
G5 genotype, normally associated with porcine diarrhea, has been frequently found in children in Brazil, from 1982 to 1997 (7, 20, 38) . We detected 11 samples with G5 in mixtures with other genotypes, which corroborate the importance of this genotype in 1994-1996 seasons in Brazil, accounting for 13.1% of samples.
We found 20/54 (38.5%) of G and P mixed types in our samples. In Latin America, percentages from 0 to 44.1% were found in several locations in Brazil, including São Paulo (7, 8) and in several Latin American countries (38) . Mixed infections provide an opportunity for human rotavirus to evolve by reassortment, mediated infection of the same gut cell with two different viruses (9, 10) . The detection of G2P [8] strains with long RNA profile in PAGE is a strong indication that reassortment of rotavirus has already occurred.
All strain were characterized for P genotypes. P [4] was found in 19 samples alone and 11 samples in mixed genotypes, or in 55.6% of all the samples, mostly associated with G2, alone or in mixtures. P [8] was found in 28/54 (51.9%), mostly associated with G1, G5 and G9. P [4] and P [8] strains were the most common strain detected in Brazil since 1982 (7, 8, 38) and our data confirm this finding. P[6-M37 like] was the third most frequently found, in 12/54 (22.3%) samples. This strain was detected before in several countries, including Brazil (7, 8, 26) . In our data, P[6-M37 like] was associated with G2 alone, and with G1, G3, G4, G5, G9 in mixtures (Table 4) , as in most parts of the world (38, 41) .
Our genotyping system differentiates human P[6-M37 like] and animal P[6-Gottfried like], similar to the porcine Gottfried strain (35) . We only found P[6-Gottfried like] in mixtures with other P genotypes. The origin of this porcine genotype could be the same as the G5 porcine strains found in Brazil at the same time.
We also found, for the first time in Latin America, one sample with G6 specificity, mixed with a G2 rotavirus and one P [11] strain, mixed with P [4] and P [8] . G6 and P [11] are frequently found in cattle (24) . G6 rotaviruses were recently found in 7.1% of human samples in Hungary (1), but so far, rotavirus strains bearing the P[11] specificity have not been detected in humans outside of India until now (38) . Detection of animal-like rotavirus strains, mixed with human genotypes, suggests the possibility for natural human-animal genetic reassortment.
This diversity of rotavirus strains we described here is characteristic of developing countries and is distinct from the observations in more developed countries like USA, where mixed infections and unusual strains are rarely found. These differences may be originated by exposure of larger and more diverse inoculum of rotavirus from food or water obtained in fecally contamined environments (23) . This diversity could reflect in differences in rotavirus epidemiology as well as in the efficacy of vaccines used in our country. Continuous surveillance should be implemented for documentation of the degree of diversity, after the introduction on the public health system of a monovalent vaccine, which was already done in Brazil. 
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RESUMO
Diversidade sorológica e molecular de rotavírus identificados em crianças em São Paulo, Brasil De um total de 187 amostras fecais de crianças com idades entre 0 e 5 anos, coletadas no Hospital Universitário -USP, Brasil, de 1994 a 1996, 54 (28.9%) foram positivas para rotavírus. As amostras positivas foram caracterizadas quanto ao eletroferótipo, subgrupo, sorotipo G e genotipo G e P. Foram identificados quatro diferentes eletroferótipo longos em 38.9% das amostras, um eletroferótipo curto (34,0%) e 18,0% foram caracterizadas como um eletroferótipo não usual. O subgrupo I foi encontrado em 38,9% amostras, o subgrupo II em 50,0% e nãoI-nãoII em 7,7%. O sorotipo G2 foi encontrado em 59,3% e G1 em 33,3%. Duas amostras apresentaram misturas de G1+G2 e outra amostra G1+G3. Dez amostras caracterizadas como sorotipo G2 mostraram perfil eletroferótico longo. O genotipo G2 foi o mais freqüente, encontrado em 37 amostras (23 como único genotipo e 14 associados a outro genotipo). G1 foi encontrado em 15 amostras; G3 e G4 foram detectados principalmente em misturas e G5, G6 e G9, identificados somente em misturas. Um total de 20 (38,5%) amostras foram identificadas como misturas de genotipo G e foram encontradas 16 (29,6%) amostras com misturas de genotipo P. P [4] foi encontrado em 55,6% das amostras, P [8] em 51,9% e P[6-M37 like], em 5,5% das amostras. P[6-Gottfried like] e P [11] foram detectados somente em misturas. Uma amostra com especificidade G6, associada ao genotipo G2 e outra P [11] misturada com P[4] e de P [8] foram identificadas pela primeira vez na América Latina.
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